Aim: The study aimed to evaluate the effect of thiazide diuretics, a first-line antihypertensive therapy, on cognitive function in elderly hypertensive patients with or without cognitive impairment. Methods: This retrospective and observational study assessed 286 elderly patients with hypertension. Patients were divided based on thiazide diuretic usage and then into dementia and non-dementia groups. The comprehensive geriatric assessment was performed for all patients. All participants were re-evaluated after a 26-week period. Results: In total, 133 patients, including 62 with dementia, took thiazide. There were no significant differences between baseline and follow-up laboratory findings, comprehensive geriatric assessment parameters, including detailed neurocognitive assessment, or electrolytes in the thiazide group, the non-thiazide group, and the dementia group (P > 0.05). Conclusion: Thiazide therapy does not show any effect on cognitive function in older hypertensive adults regardless of dementia status.
INTRODUCTION
Cognitive impairment is one of the most important considerations for older adults. 1 The current literature has demonstrated that several cardiovascular risk factors such as diabetes, hypertension (HT), obesity, and high cholesterol level, which are common in older adults, are likely to play a role in the development of cognitive impairment. 2 Accordingly, the hypothesis 'what's good for the heart is good for the brain' has become the focus of much study, 3, 4 and the management of those risk factors has become particularly important in geriatric practice. HT is a modifiable risk factor for age-related dementia, the most common types of which are Alzheimer's disease (AD) followed by vascular dementia. HT is also a risk factor for cerebrovascular diseases and for vascular dementia. 5 Although AD is considered a neurodegenerative disease, chronic and episodic hypoperfusion is also responsible for AD development. 6 In most studies, midlife blood pressure elevation was associated with late-onset cognitive impairment, while in some studies, late-in-life low diastolic blood pressure and very high systolic blood pressure accompanied dementia and cognitive impairment. 5 It was reported that HT might affect cognitive function through several mechanisms. 7 Moreover,
antihypertensive medications, such as angiotensin receptor blockers, angiotensin-converting enzyme inhibitors, calcium channel blockers, and diuretics, reduced the risk of dementia in several studies. [8] [9] [10] In an observational study, it was reported that potassium-sparing diuretics had a greater effect on verbal learning and memory in an HT group than in a non-HT group. 11 However, the Cache County Study reported that thiazide and potassium-sparing diuretics were associated with a decreased risk of AD, but that thiazide monotherapy did not reduce the risk. 12 In contrast, another study demonstrated that thiazides might ameliorate AD-type neurodegeneration because of their direct vasodilator effect. 13 Many studies have shown the relationship between diuretic therapy and cognitive function; nonetheless, the effects of thiazide diuretics on cognitive function in the elderly have not been detailed in the literature. The aim of this study was to detect the effect of thiazides on cognitive function in older adults with and without dementia.
METHODS Patients
In this study, a total of 286 older adults with HT who had been admitted to a geriatrics clinic between January 2013 and November 2016 were included in this study. All were evaluated retrospectively based on medical records. Patients were divided into two groups: those taking thiazide diuretics and those taking other antihypertensive drugs without diuretics. In addition, each of the two groups was further divided into two subgroups according to whether a diagnosis of dementia was present. Dementia was diagnosed in accordance with The Diagnostic and Statistical Manual of Mental Disorders, 5th edition, released in 2013.
14 All patients were re-evaluated after 26 weeks. This study conformed to the Declaration of Helsinki and was approved by the local ethics committee.
Exclusion criteria
Patients were excluded for the following reasons:
• taking diuretics other than thiazide diuretics • having uncontrolled HT (systolic blood pressure >160 mmHg and/or diastolic blood pressure > 90 mmHg) or hypotension (systolic blood pressure < 100 mmHg and/or diastolic blood pressure < 60 mmHg)
• having had a recent cardiovascular or neurological event (New York Heart Association (NYHA) stage 3-4 heart failure, angina pectoris, stroke, transient ischaemic attack, or cerebrovascular event) • having a metabolic diseases, such as uncontrolled diabetes mellitus or severe hypothyroidism/hyperthyroidism that could affect cognitive function • having a psychotic disease (e.g. schizoaffective disorder) and/or treatment-resistant major depressive disorder • having delirium during evaluation
• having a malignancy • engaging in alcohol and drug abuse • taking medications that are likely to affect cognitive function, such as corticosteroids, benzodiazepines, and antipsychotics • being under 60 years of age.
All the patients who applied to the geriatric clinic for any reason and did not meet the exclusion criteria were included in the study.
Patient characteristics:
Patients were evaluated for their age, gender, marital status, living environment, years of education, comorbidities except for HT (e.g. diabetes mellitus, peripheral arterial disease, thyroid disease, ischaemic heart disease, congestive heart failure, and chronic obstructive pulmonary disease), weight, body mass index, and the number of medications. The number of medications was recorded again at the 26-week follow-up. To calculate body mass index, height was measured to the nearest centimetre and weight was measured to the nearest half-kilogram (kg) with the same stadiometer. Laboratory findings Some laboratory tests, such as renal and liver function, fasting blood glucose, haemogram, thyroidstimulating hormone, glycated haemoglobin, highdensity lipoprotein, low-density lipoprotein, uric acid, vitamin D, vitamin B12, and folic acid levels, were performed to evaluate the biochemical, metabolic, and nutritional status of the patients. All tests were obtained by the auto-analyzer diagnostic modular system (E170 and P-800; Roche Diagnostics, Basel, Switzerland). Serum 25-hydroxy vitamin D was measured by radioimmunoassay. 
RESULTS
Baseline characteristics of thiazide and non-thiazide patients are summarized in Table 1 . Of the 286 patients, 133 took a thiazide diuretic. The mean ages did not differ between the groups (P > 0.05).
Most of the patients were women in both groups (thiazide: 75.9%; non-thiazide: 65.4%; P = 0.051). Years of education, body mass index, percentage of comorbidities, laboratory findings, baseline blood pressure, and change in blood pressure were also similar in both groups (P > 0.05). Baseline CGA parameters did not differ between the thiazide and non-thiazide groups (P > 0.05) ( Table 2 ). There were no significant differences between the thiazide and non-thiazide groups in terms of baseline and 26-week follow-up laboratory findings or in terms of scores on the Mini-Mental State Examination, Cognitive State Test, Montreal Cognitive Assessment Scale, Mini Nutritional Assessment-Short Form, and the clock-drawing test (P > 0.05). Only Basic Activities of Daily Living and Instrumental Activities of Daily Living were significantly decreased at the 26-week follow-up compared to baseline (P < 0.05) ( Table 2 ).
Of the 62 dementia patients, 23 were treated with thiazide diuretics. In patients with dementia, changes in CGA parameters and in thyroid-stimulating hormone, folic acid, uric acid, vitamin B12, high-density lipoprotein, low-density lipoprotein, and sodium and potassium values did not differ between the thiazide and non-thiazide groups (P > 0.05) ( Table 3 ). The laboratory tests were also similar in non-dementia patients (P > 0.05).
DISCUSSION
In this retrospective observational study, it was demonstrated that 26-week thiazide therapy was not related to any changes in cognitive function in older hypertensive adults with or without dementia. The effects of thiazide might be independent of blood pressure as well.
HT may affect cognitive function through various pathophysiological mechanisms, such as orthostatic hypotension, reduction in brain volume, vascular remodelling, vascular stiffness and cerebral atherosclerosis, impaired cerebral perfusion and autoregulation, endothelial dysfunction, altered functional hyperaemia, and oxidative stress between high blood pressure and cognitive function. 7 However, the effect of antihypertensive treatment on cognitive function has not been conclusively determined thus far. 9 It was reported that candesartan, an angiotensin receptor blocker, had no effect on cognitive function in patients with HT, 16 whereas nitrendipine, a calcium channel blocker, reduced dementia incidence by 55%. 17 Furthermore, in another study, perindopril and indapamide therapy was associated with reduced risks of dementia and cognitive decline. 18 In contrast, the results of the Hypertension in the Very Elderly Trial suggested that perindopril plus indapamide treatment in elderly patients did not reduce the incidence of dementia. 19 These conflicting findings have affected subsequent meta-analyses and reviews. For example, one meta-analysis reported that antihypertensive treatment had no effect on the incidence of cognitive decline or dementia. 20 However, antihypertensive medications such as angiotensin receptor blockers, angiotensin-converting enzyme inhibitors, calcium channel blockers, and diuretics were reported to reduce the risk of dementia in other reports. [8] [9] [10] Among these antihypertensive medications, thiazides, which are safe, effective, and well-tolerated, are used commonly in the elderly as monotherapy or combined with other medications. [21] [22] [23] [24] Although thiazides are commonly used in elderly patients with HT, and many studies have demonstrated the relationship between diuretic therapy and cognitive function, the effect of thiazide diuretics on cognitive function in the elderly has not been conclusively determined yet. In a community cohort of 1810 older adults (including 225 dementia cases), it was reported that all kinds of diuretics could protect against dementia, and they reduced the risk of dementia by 30% in adults over the age of 75 years. 13 It has been suggested that HT medications may reduce senile plaque and neurofibrillary tangles and that thiazides differ from the other medications because their direct vasodilator effect on vessel walls may reduce the toxic effect of β-amyloid proteins. 13 Additionally, Chuang et al.
reported that both potassium-sparing and thiazide diuretics may have decreased the risk of AD over the course of 7.1 years. 12 Although these studies had a longer follow-up period and larger sample size than the present study, they did not offer any details regarding comorbidities, drugs other than antihypertensive medications, and laboratory parameters or blood pressure measurements before and after treatment. Moreover, we were able to exclude many factors affecting cognitive function, such as orthostatic hypotension, vitamin D deficiency, depression, malnutrition, and hyperuricemia, because the comorbidities and laboratory parameters of patients were detailed in the records. [25] [26] [27] Therefore, the present study is one of the rare studies to evaluate the effects of thiazides on cognition in older patients with or without dementia. A large randomized, double-blind, and activecontrolled clinical trial emphasized that thiazides improve cerebrovascular disease, heart failure, and combined cardiovascular outcomes. 28 Therefore, we think that the previously reported improvement in cognitive function attributed to thiazides may be related to their antihypertensive effect. In this study, we demonstrated that 26-week thiazide therapy had no effect on activities of daily living, mood, or nutrition parameters in older hypertensive adults with or without dementia. In contrast to the previous findings, it is remarkable that this study did not demonstrate that thiazides have any effect on uric acid levels in older patients with HT. They also had no effect on sodium, potassium, glycose, and lipid profiles, all of which are related to cognitive impairment in older adults. Therefore, thiazides can be safely used as an antihypertensive medication for older adults with or without dementia. This study had several strong aspects. First, this study did not include any non-hypertensive patients. Therefore, the groups were alike in terms of HT, which increases the risk of dementia. Second, diuretics other than thiazides were excluded. Because all thiazide diuretics have similar metabolic and physiological effects, their cognitive effects are similar too. The limitations of the study were the short follow-up period, the non-standardized hydrochlorothiazide doses, and the small number of dementia cases. Also, subjects were not divided according to the other antihypertensive drug classes they were taking.
In conclusion, 26-week thiazide therapy does not seem to affect cognitive function in older hypertensive adults regardless of dementia status. Moreover, thiazides can be safely used as a hypertensive medication because they have no effect on uric acid levels, metabolic parameters, and electrolyte balance in older adults with or without dementia.
